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The Medical Journal of Australia ISSN: 0025-729X 4 January 2010 192 1 [14] [15] [16] [17] [18] [19] ©The Medical Journal of Australia 2010 www.mja.com.au Research ow birthweight is a risk factor for death in infants and young children, 1 and probably predisposes adults to chronic disease and chronic disease mortality. 2 Birthweights have been low in Aboriginal Australians since recording began, and higher death rates have been described in low birthweight Aboriginal infants and children. [3] [4] [5] However, both infant and child mortality have been falling for some time, 6, 7 with more lower birthweight people surviving to adult life. Against this background, an epidemic of chronic disease has emerged among Aboriginal people. 7, 8 We have described associations of lower birthweight with higher blood pressures, hyperinsulinaemia, albuminuria and diabetes in young Aboriginal adults. [9] [10] [11] Albuminuria predicts renal failure as well as ischaemic heart disease and cardiovascular and allcause natural death. 12, 13 This infers that lower birthweights contribute to deaths from chronic disease in Aboriginal adults, but such an association has not yet been described.
Historically, uncertainties about ethnic assignment and population denominators have thwarted accurate ascertainment of mortality rates in Indigenous people. 7 We describe trends in mortality and associations with birthweight in one Aboriginal group living in a remote location. In this study, community and ethnic assignment and the cohort denominator were both certain.
METHODS
The study community comprises a homogeneous ethnic group that lives on two islands off the coast of the Northern Territory, about 90 km from Darwin. In the 2006 census, the Aboriginal population was described as 2029 people, 43% of whom were aged less than 20 years. A mission ran the local health clinics over the described birth intervals. This community has very high rates of death and renal failure, as described previously. 12, 14, 15 Our study cohort consisted of people for whom birthweights were recorded, and who were born alive to Aboriginal mothers of this tribal group between 1956 and 1985. The study cohort was followed from birth through to 31 December 2006, with the primary outcome of interest being interim death from natural causes or continued survival.
Most babies were born in the bush before the observation period. Deliveries in the local clinic began in the mid 1950s, and were routine by the mid 1960s. High-risk deliveries were supervised at the Royal Darwin Hospital. Deliveries, the tribal or community assignment of the mother and the mother' s name, were recorded in log books. Recording of birthweights for babies born in the local clinic was sporadic through the late 1950s, but was systematic by the mid 1960s, and was routine throughout for hospital deliveries. Birthweights were recorded in pounds and ounces initially, and later in kilograms and grams. Birth length, head circumference and placental weight were only recorded in the latter half of the birth intervals studied within our study period and gestational ages only in the last 4 years of the birth intervals (from 1981 on).
Terminal events were ascertained from the clinic death log, in which the death of every community member had been recorded, and from medical records and regional dialysis unit records. The vital status of individuals in the birth cohort who were not personally known to the investigators was confirmed by two Aboriginal community members of the study team, both of whom were born in the 1940s. They remembered the entire observation period, and knew everyone from the birth cohort who was still alive, and his or her whereabouts.
Causes of natural death were compiled from the death registers, in which the circumstances and clinical conditions surrounding death had been described in 16 and, in this study, before the age of 37 years.
Survival intervals for infants were calculated from birth until date of death at < 1 year of age, or, for survivors, until the day they turned 1 year old. Survival intervals for children were calculated from age 1 year until death at < 15 years, or, for survivors, until the day they turned 15 years old. Survival intervals for adults born before 1970 were calculated from age 15 until they died or started dialysis (equivalent to a natural renal death) at < 37 years, or until they were censored from our study at age 37 years. Rates of death were calculated from the number of deaths divided by the personyears at risk over the relevant age-defined range. People who died from deaths of misadventure were censored on the date of death, contributing to the person-years of survival to that point, but their deaths were not included among natural deaths.
To evaluate infant and childhood deaths, the study cohort was divided into three "birth cohorts" according to the intervals in which they were born. These intervals were 1956-1965, 1966-1975 and 1976-1985 . All participants were born more than 15 years before the analysis. Adult deaths (at 15 to <37 years) were compared for people born in 1956-1962 and 1963-1969 , all of whom were born more than 37 years before the censor date. The associations of survival with intervals of birth and with categories of birthweight were calculated by Cox proportional hazards regression, and the associations of birthweight with survival were evaluated, with adjustment for interval of birth.
Finally, in each age category, mean birthweights of those who died a natural death were compared with those of survivors.
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were low, and rates of low birthweight were high, but average birthweights increased and low birthweight rates decreased over the period of observation. Deaths among people included in the survival analysis included 121 natural deaths and 24 deaths of misadventure (caused by accidents, burns, drowning, jellyfish stings, crocodile attacks, homicides, suicides and intoxication). There were four deaths of misadventure among infants, eight among children and 12 among adults.
Box 2 shows the numbers and assigned causes of natural deaths in each age group. Among the 121 natural deaths, there were 165 assigned causes. Prominent causes of death were gastrointestinal and pulmonary causes in infants, and gastrointestinal and pulmonary causes in children. Among adults (347 people born before 1970), 31 (8.9%) died of natural causes before their 37th birthday. Their ages at death ranged from 16.0 to 36.9 years (median, 30.9 years). Pulmonary, cardiovascular, renal and other causes of death were all prominent, and none had diabetes recorded among causes of death.
Box 3 shows that there were marked reductions in infant death rates over the three successive 10-year birth intervals (trend significant). Twenty-four of the 35 infant deaths occurred in the first birth interval, eight in the second, and three in the third. The infant death rate in the most recent birth interval was about one-tenth of that in the first birth interval. There was also a trend towards higher death rates among infants born at a weight below each cohort' s median birthweight. This phenomenon is shown graphically in Box 4, A.
Box 3 also shows dramatic reductions over time in deaths among children; 44 of the 55 natural deaths among children occurred in the first birth interval, 10 in the second and one in the third birth interval. Rates of death among children born in the third birth interval were only 1.5% of those in children born in the first interval. Box 3 also shows a trend towards higher death rates in children who were born at weights below their group median birthweights (this is also illustrated in Box 4, B).
As shown in Box 5, death rates in young adults born in the more recent birth interval were 77% of those born in the earlier interval, a difference that was not significant. However, in both birth cohorts, death rates 3 Rates of natural death by birth interval and birthweight in infants (aged < 1 year) and children (aged 1 to < 15 years) 
were higher among those below their group median birthweights (Box 4, C), and this difference was significant for those born in the second birth interval. Box 6 shows that mean birthweights of those who died a natural death were consistently lower than those who were survivors. These differences were significant for deaths in all three age categories, with an average of 300 g difference for infants Box 7 shows that, for those with birthweights below their group median, the risks of natural deaths among infants, children, and adults were increased 2.30, 1.78 and 3.49 times relative to those of higher birthweights, adjusted for sex and for birth interval. The differences were still significant for those born below 2.5 kg. Those associations existed for both females and males.
This association of lower birthweights with higher death rates was consistent for most causal categories of natural death. The relationships were significant around the birthweight median for infant deaths with a gastrointestinal cause (Box 8, A). They were marginally significant around the birthweight median for pulmonary deaths in children (Box 8, B) , and, for birthweights below 2.5 kg, were significant for pulmonary deaths and marginally significant for gastrointestinal deaths (P = 0.07). They were significant for pulmonary deaths in young adults, marginally significant for cardiovascular and renal deaths separately, and significant for cardiovascular and renal deaths combined (Box 8, C).
Among the 12 young adults who died by misadventure, 11 were men. Nine of these were born in the first birth interval and three were born in the second. Three deaths were suicides (all by men). All 12 deaths by misadventure occurred in people born at weights above their group median.
DISCUSSION
The accuracy of the data in our study was optimised by having a defined denominator for those at risk (those with documented birthweight), assured ethnic assignment through identification of the mother, ascertainment of outcome from clinical records, and by confirmation of vital status through senior community members.
The reductions in infant and child deaths over time were dramatic. Of those born in the first, second and third of our delineated birth intervals, 22.1%, 5.4% and 1.1%, respectively, died before their 15th birthday. Improvement occurred across the birthweight spectrum, although the greatest reduction in numbers of deaths was among those born at lower birthweights.
Many factors have probably contributed to this improvement. The care delivered by the mission clinics has had a major impact. In addition, this community, only a short plane flight from Darwin, was an early beneficiary of systematic protocols of hospital resuscitation of sick infants, and of strengthened local programs of maternal, infant and child care, instituted by the NT' s first paediatrician, Alan Walker, who arrived in Darwin in 1964. Changes of a similar magnitude subsequently occurred in other communities. 6, 7 Discernment of trends in natural deaths in young adults was limited by small numbers of deaths thus far. The similar proportions of young adult deaths in the first and second adult birth interval (10.1% v 8.0%) are compatible with the minimal change in mortality of young Aboriginal adults (aged 25-44 years) between 1981 and 1999 reported by NT Health Services. 17 It is also compatible with a review of life expectancy from 1966 to 2001, which showed reduced mortality among Indigenous adults overall, but no decrease in mortality from chronic disease. 18 However, the rate of increase of 
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7 Hazard ratios for all-cause natural death by birthweight below the median for each age group, and below 2.5 kg, adjusted for birth interval, age and sex 14, [18] [19] [20] Our study confirms that birthweights have been low in remote Aboriginal settings as far back as records go, although they are improving. The contributions of preterm birth and intrauterine growth restriction (IUGR) cannot be ascertained, and have probably varied over time. In a retrospective study of 819 Aboriginal newborn babies at Royal Darwin Hospital from 1969 to 1983, 23.2% weighed less than 2.5 kg at birth, and the predominant cause of this low birthweight was considered to be IUGR. 21 A later prospective study from 1987 to 1991 of 570 Aboriginal infants born at the same hospital found that 13% weighed less than 2.5 kg at birth, 7% were premature, and fully 22.7% (of 502) were small for gestational age (< 10th percentile), which represents IUGR. 22 However, a Western Australian study from 1979 to 1983, and a study of 810 Aboriginal babies born at the Cairns Hospital (serving Far North Queensland) from 1992 to 1994 concluded that the major contributor to low birthweight was preterm birth. 23, 24 Lower birthweights predisposed to higher mortality in infants, children and adults. In infants, the strong predisposing effects of lower birthweight on deaths assigned a gastrointestinal cause is compatible with the high prevalence of diarrhoea in infants with failure to thrive. However, other causes of death, including sudden infant death, tended towards an association with low birthweight. In children and adults, the effect was strongest for deaths from pulmonary causes. However, for deaths at all ages, wherever a trend existed, it was in the direction of a predisposing effect of lower birthweights on that causal category of death, except for "other" deaths in young adults.
The association of low birthweight with infant and childhood deaths is well recognised. However, our study is the first to demonstrate a predisposing effect on adult deaths in any Australian group. The effect operates around median values of birthweight, as well as the standard "low birthweight" cutoff, and for all-cause natural death in every age group. The striking associations with pulmonary deaths in children and adults is consistent with the adverse effects of IUGR, prematurity and maternal smoking on fetal lung development, and reports of impaired lung function and accelerated lung ageing in people born at low birthweights. 2, 25 The significant association of lower birthweights with the combined outcome of young adult deaths with renal and cardiovascular causes, which are powerfully linked, 8, 9, 12, 13, 20 is also noteworthy. Association of birthweight with natural deaths in adults might become more prominent as the birth cohorts move into the age groups where chronic diseases are more fully expressed. 8 With lower mortalities in infancy and childhood, many more individuals born at lower birthweights are surviving to adult life. According to the Barker hypothesis and much supporting data, including in this specific tribal group, 9-11 these adults are at higher risk of chronic diseases. Thus the epidemic of chronic disease in Aboriginal people appears to be a legacy, in part, of earlier therapeutic triumphs. In multideterminant models of disease, birthweight is only one of several potential risk factors, but its effect might partly account for the incomplete explanation of cardiovascular and renal risk in multivariate models which consider only more traditional risk factors. 9, 26 The reductions in mortality over time must be applauded. They refute pessimistic views of trends in adult Aboriginal mortality, and predict further improvements as more robust birthweights are sustained, if other risk factors do not increase. Birthweights in this community (mean, about 3100 g) and in Aboriginal people nationwide (mean, 3157 g) remain low relative to the nationwide average of 3369 g, and Aboriginal people have more than twice the rate of low birthweight. 7 It is not clear what an ideal birthweight should be in the Aboriginal population, but intrauterine development is 8 Hazard ratios for natural deaths in infants, children and adults for birthweight less than the group median relative to birthweight higher than the group median by underlying or associated cause of death, adjusted for birth interval, age and sex
Hazard ratio and 95% CI Similar phenomena are probably operating in other populations and "developing" countries experiencing reductions in infant mortality and burgeoning chronic disease rates. Historical perspectives allow more sophisticated interpretation of such events and trends.
